humans, underreporting leads to underestimating the true number of disability-adjusted life years, which can be averted by an effective control. The availability of highly specific and sensitive diagnostic assays is considered critical to perform an accurate differential diagnosis and to understand the real incidence and prevalence of zoonotic poxviruses among mammals. 14 The aim of our study was to identify, through classical and innovative diagnostic methods, the viruses responsible for a number of outbreaks of a disease characterized by massive cutaneous lesions in domestic ruminants in Sicily. The clinical diagnosis was generically defined as papillomatosis because the animals were showing multiple tumor-like lesions disseminated throughout the entire body (Fig. 1a) . In many cases, the symptoms were characteristic of a systemic disease, with anorexia, lethargy, and death by starvation in the most severely affected animals. Pathological samples (Table 1) consisting of scabs and proliferative lesions, were submitted for standard histological examinations and negative-staining electron microscopy (EM). 12 Histology mainly identified hyperkeratosis and acanthosis of the epidermis and proliferation of the fibroblasts, consistent with fibropapillomatosis, in cows, while degenerative changes in the stratus spinosum, epidermal hyperplasia, hyperkeratosis, ballooning and degeneration of keratinocytes with eosinophilic inclusion bodies, were mainly evidenced in the lesions of sheep and goats ( Fig. 1b, 1c ). Negative-staining EM lead to the identification of Papillomavirus particles in the samples collected from diseased cows and Parapoxvirus virions in affected small ruminants.
Viral DNA was extracted from the pathological specimens a and analyzed by rolling circle amplifications b followed by restriction enzyme digestions, as previously described, 19 to characterize the papillomavirus circular DNA. Different sets of primers 3, 4 have been used to further characterize the identified Papillomaviridae types. The DNA samples, purified from the lesions of all the diseased ruminants, were further analyzed using a newly developed mini-array assay developed within the FP7 POC4PETS project (http:// www.poc4pets-fp7.eu/project/default.aspx). This assay allows the identification of different zoonotic poxviruses, belonging to the genera Parapoxvirus and Orthopoxvirus, within the same sample. The test is based on a detection approach that combines target nucleic acid amplification by polymerase chain reaction (PCR) and specific hybridization probes spotted on a mini-array. The assay, versus standard PCRs, showed 100% specificity, 87% sensitivity, and a limit of detection of 1 fg of viral DNA. The straightforward interpretation of the mini-array through 1-step multiple detection of the hybrids, which yields colored spots on the mini-array that are visible to the naked eye, is a distinct advantage over other molecular diagnostic tools.
Briefly, for multiple detection of OPVs and PPVs, 2 target genes (HA, encoding the hemagglutinin, and B2L, encoding the major envelope protein, respectively) were selected. The cytochrome C oxidase subunit I (COX I) gene, of different animal species including sheep, goat, cow, horse, dog, cat, and human, was also selected as internal control. Oligonucleotide primers for targets and probe amplifications were designed using the Primer3Plus c web tool 25 and OligoAnalyzer d 3.1 software. To allow multiplex amplifications for each target gene, the best primers candidates for probes and targets have been preliminarily defined as well as the optimal PCR conditions (based on amplicon yield, specificity, sensibility, no false positive). Specific probes of OPV, PPV, and positive control were obtained by PCR amplification with DNA polymerase. e Mini-arrays were then generated by dotting the double-stranded DNA probes onto a positively charged nylon membrane f using an arrayer g and denaturing the DNA probes by incubation of the membrane in NaOH solution. The membrane was pre-hybridized in hybridization buffer containing 1% skim milk and then dried. Targets are thus labeled during multiplex PCR by incorporating digoxigenin-11-dUTP h with DNA polymerase. e The subsequent detection assay consists of a target-probe hybridization step followed by a colorimetric revelation of the hybrids using enzyme-conjugated anti-digoxigenin antibody, i producing a dark blue precipitate in the presence of appropriate substrate (Fig. 2) . The mini-array analyses, performed on the DNA purified from all the diseased ruminants, lead us to confirm that all of the sheep and goats were infected with PPV. Seven out of 12 cows, previously found positive for different Bovine papillomavirus genotypes using rolling circle amplification analysis, were also found coinfected with parapoxviruses (Table 1) . Surprisingly, 2 goats and 2 cows from Messina Province and Ragusa Province (Italy), respectively, showed a coinfection with Parapoxvirus and Orthopoxvirus (Table 1) .
To further characterize the poxviruses identified by the mini-array test, the viral DNA was subsequently amplified j by PPPI and PPPIV primers targeting the Parapoxvirus B2L gene as previously described. 15 PCR amplification of the OPV DNA was performed using the primers rpo f2 (5′-ATGTCGAGCTTTGTTACCAAT-3′) and rpo r2 (5′-TGCCATAGTATTCGTGTTTATACT-3′) l targeting the highly conserved Rpo 18 gene that encodes the DNAdependent RNA polymerase of OPVs. 2 Thermal cycler conditions were set with an initial denaturation at 94°C for 5 min, followed by 40 cycles of denaturation at 94°C for 30 sec, annealing at 53°C for 30 sec and extension at 72°C for 45 sec, with a final extension at 72°C for 10 min. The PCR, performed on the mini-array-positive samples, lead to the amplification of specific fragments of 594 bp and 526 bp, respectively, for the B2L gene of PPVs and Rpo 18 gene of OPVs. The amplified products were subsequently purified k and sequenced. l Sequence analysis of the PCR products lead us to identify BPSV in 3 cows and PCPV in 4 animals, while sheep and goats were shown to be all infected with ORFV. The Rpo 18 nucleotide sequences were aligned using Clust-alW m with previously published OPV sequences from Gen-Bank, showing an identity ranging from 97.3% to 100% among the 4 OPVs detected in the Sicilian outbreaks. The alignments performed, with published OPV sequences, showed a nucleotide identity ranging from 99.6% to 100% between strains 9605-425, 14647-429, and 33225-498, and CPXV strain UK2000_K2984 (GenBank accession HQ420900). At the amino acid level, a complete identity was detected with multiple CPXV and VACV strains. A similarity of 98.1% and 98.8%, at nucleotide and amino acid level, respectively, was detected between strain 32063-501 and CPXV EleGri07/01 (id. KC813507). Phylogenetic trees were generated by the neighbor-joining method 21 with 1,000 bootstrap replicates 10 using the Tamura 3-parameter model. n,22,23 These analyses showed that the 4 OPV strains cluster into 2 distinct groups (Fig. 3) . . Phylogenetic tree generated from alignment of complete orthopoxvirus (OPV) Rpo 18 gene sequence using the neighborjoining method and the Tamura 3-parameter model of nucleotide substitution, implemented in MEGA 6. n The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) is shown above the branches (cutoff 60%). Dots indicate the viral strains described in our study.
To determine the viability of viruses in samples, 60% confluent Vero (African green monkey kidney cell) monolayers were inoculated with 10-fold dilutions of sonicated tissue extract. 6 Infected cells were incubated at 37°C in a 5% CO 2 atmosphere in Dulbecco modified Eagle medium. Cell infection was monitored microscopically by observation of OPVspecific cytopathic effect (CPE). In order to quantify the OPV DNA in the pathological samples, a real-time SYBR Green PCR was performed. j,o The absolute quantification of the viral DNA was obtained by plotting 10-fold dilutions (1.7 × 10 1 to 1.7 × 10 5 copies/µL) of pUC19 plasmid containing the cloned target fragment. No CPE was observed in inoculated cell culture, while the quantitative real-time PCR revealed an OPV load ranging from 10 1 to 10 3 DNA copies/ µL, suggesting that DNA-positive samples might not contain viable virus.
Our data leads us to demonstrate that classical techniques, such as histology and EM, may not be sufficiently effective and reliable for the diagnosis. The mini-array assay used in our study revealed that some of the animals affected by severe proliferative lesions, clinically defined as papillomas, were in fact coinfected with zoonotic PCPV, BPSV, and OPV. It is important to emphasize that zoonotic poxviruses share risk factors and clinical features with other life-threatening diseases in humans 18 ; for this reason, rapid and reliable diagnostic methods, like the one used in our study, have the potential to allow the rapid assessment of potentially fatal infections in humans. With the aid of this new method, it was possible to demonstrate that 2 goats and 2 cows, from different farms, were coinfected with different epitheliotropic viruses. In particular, the cattle identified as 14647-429 and 33225-498 that showed the presence of papillomavirus particles by EM were also coinfected with zoonotic poxviruses (BPSV and PCPV, respectively, and a virus belonging to genus Orthopoxvirus). A previous study reported coinfections of Parapoxvirus and Orthopoxvirus in cattle in Brazil. 9 The description of the clinical cases seen in Brazil were consistent with those found in the Italian outbreaks. Despite the large number of diseased animals, the authors 9 were able to demonstrate the simultaneous presence of Parapoxvirus and Orthopoxvirus particles by EM in the pathological sample of only 1 animal. As in our study, no CPE was detected in inoculated cell cultures. Further trials, using alternative cell substrates, will be necessary to rule out the possibly that the pathological samples contained only DNA remnants or viral particles with compromised integrity by either the animal immune system or by external factors during the sample collection or processing. 11 The results of our study indicate that tissue culture isolation is less sensitive than molecular methods to detect zoonotic poxvirus in coinfected animals while the mini-array method shows to be reliable, robust, and suitable for areas where OPV and PPV cocirculate. Coinfections with ORFVlike parapoxvirus and VACV have been previously reported in dairy cows 9 while we identified the simultaneous presence of ORFV and OPV in 2 goats. In a 2010 study, coinfections with VACV and PCPV in a rural worker and in dairy cows were described. 1 Our study reinforces the fact that coinfections with OPV and PPVs may occur in cattle not only involving PCPV but also BPSV. The high sequence identity and the circulation of CPXV in Italy in different animal species [5] [6] [7] lead us to conclude that the OPV DNA detected in domestic ruminants might be CPXV. This virus used to be enzootic in cattle; however, such infections have not been diagnosed over the last decades, while individual cases of cowpox have been repeatedly found in cats or exotic zoo animals that were responsible for human transmission. 8, 13, 16, 17, 24, 26 It is not possible to conclude that CPXV was the causal agent of the lesions reported in the domestic ruminants in our study; in fact, its low genomic load can be the result of interference caused by multiple viral agents replicating at the same time in the same target cell. On the other hand, the presence of CPXV DNA in the pathological samples of the domestic ruminants lead us to speculate that the virus may use these animal species as reservoirs to spread and persist in the environment through the scab material produced by other epitheliotropic viruses.
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